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(54) ALUMINUM MATERIAL EXCELLENT IN WEAR RESISTANCE AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To provide an Al alloy member excellent in 
hardness, toughness, wear resistance, and bearing 
strength characteristic by forming an Ag layer on the 
surface of a member made of Al alloy, performing heat 
treatment, and forming an Al-Ag intermetallic compound 
layer or further applying nitriding treatment to the 
surface of the intermetallic compound layer. 
CONSTITUTION: An Ag plating layer is formed on the 
surface of a member 1 made of Al or Al alloy by an 
electrolytic plating method, etc., and heating is done in 
vacuum, by which an Ag2AI intermetallic compound layer 
2 is formed by means of mutual diffusion reaction 
between Ag and Al. This Ag2AI intermetallic compound 
layer 2 has superior bearing strength characteristic as 
well as excellent wear resistance. Subsequently, the Al 
alloy member having the intermetallic compound layer 2 
is treated by an ion nitriding method, a nitriding bath 
immersion method, etc., to form an AIN layer 3 on the 
surface of the intermetallic compound layer 2, by which 
the Al material consisting of three layers of the Al alloy material 1 , the intermetallic layer 2 of 
Ag2AI intermetallic compound, and the AIN layer 3 and excellent in adhesiveness between 
respective layers, wear resistance, hardness, and bearing strength can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Aluminum material excellent in the abrasion resistance characterized by consisting of 
an intermetallic-compound layer of the base material which consists of aluminum or an aluminum 
alloy ingredient, and the aluminum and silver which were formed in this base material front face. 
[Claim 2] Aluminum material excellent in the abrasion resistance characterized by consisting of 
the base material which consists of aluminum or an aluminum alloy ingredient, an interlayer who 
consists of an intermetallic compound of the aluminum and silver which were formed in this base 
material front face, and an alumimium nitride layer formed in this interlayers front face. 
[Claim 3] The manufacture approach of the aluminum material excellent in the abrasion 
resistance characterized by the process for which the base material which consists of aluminum 
or an aluminum alloy ingredient is prepared, the process which forms in this base material front 
face the metal layer which makes silver a subject, thermal-diffusion down stream processing 
which heat-treat the aluminum base material which covered this metal layer, and said metal layer 
is made to diffuse aluminum, and use as the intermetallic-compound layer of aluminum and silver, 
and the thing which cut, and become. 

[Claim 4] The manufacture approach of the aluminum material excellent in the abrasion 
resistance characterized by the process for which the base material which consists of aluminum 
or an aluminum alloy ingredient is prepared, the process which forms in this base material front 
face the interlayer who consists of an intermetallic compound of aluminum and silver, the 
process which performs nitriding treatment to this interlayer and forms an alumimium nitride 
layer in this layer front face, and the thing which cut and to become. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the aluminum material which has in more detail 
the surface layer which was excellent in abrasion resistance on the front face of an aluminum 
ingredient and its manufacture approach about the aluminum material excellent in abrasion 
resistance, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In itself, since an aluminum ingredient or an aluminum alloy 
ingredient (henceforth an aluminum ingredient) is inferior in abrasion resistance and an 
antiseizure property, a problem is in the endurance of the sliding surface in motion components. 
Moreover, there is a fault — since it is low compared with steel, hardness of a base material 
cannot bear high planar pressure. 

[0003] There are an approach of giving a plasma metal spray, laser, etc. to an aluminum 
ingredient and alloying an aluminum material-list side as an approach of solving these problems, 
and the approach of galvanizing. 

[0004] moreover, the front face which activates the front face of a processed ingredient and a 
nitride layer tends to generate by discharging while introducing the gas for activation which 
consists the front face of processed material of rare gas, such as helium and an argon, in 
advance of the plasma nitriding of an aluminum ingredient — the "plasma nitriding approach of 
aluminum materiaf (JP,60-21 1 061 ,A) of making the alumimium nitride layer excellent in the 
processed material front face form is developed by considering as description and carrying out 
plasma nitriding after that Since the coat layer which has a high degree of hardness on the 
surface of aluminum can form easily by this approach, the abrasion resistance of aluminum 
material can be raised. That is, the alumimium nitride layer formed in the front face of this 
aluminum material is dramatically stable to an elevated temperature, it excels in those with 1000 
or more hardness Hv, and abrasion resistance, and thermal conductivity is greatly excellent in 
insulation. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the former approach, since it is metaled 
scorification, it has the problem that the thickness of a surface layer and a presentation are not 
uniform and neither hardness nor the property of antifriction becomes homogeneity. Moreover, 
f since surface relative roughness is bad, ft has the problem that the grinding after processing or 
polishing is needed. Moreover, when a thick composite-coatings layer is formed by the 
approaches of galvanizing, such as electroplating, the base material and the interface have the 
problem that adhesion with a base material is not enough, for mechanical junction. 
[0006] Moreover, this surface layer of that in which the plasma nitriding approach of the 
aluminum material indicated by latter JP,60-21 1 061 ,A can form the surface layer which surely 
was excellent in abrasion resistance with the high degree of hardness is about at most about ten 
micrometers, and when it uses as a member which requires high planar pressure, it has the 
problem that this pressure cannot be borne. 

[0007] Then, this invention persons come to accomplish this invention, as a result of inquiring 
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wholeheartedly that the trouble of the conventional technique like **** should be solved and 
repeating various kinds of systematic experiments. . 

[0008] (The object of invention) The object of this invention is to offer the aluminum material 
excellent in the planar pressure strength property, and its manufacture approach while it is 
excellent in abrasion resistance and has a high degree of hardness. 

[0009] this invention persons perceived the following things to the problem of the above- 
mentioned conventional technique. That is, the degree of hardness was higher than aluminum, 
and the sliding property was good on the front face of an aluminum ingredient, and noted on it 
preparing the surface layer which is not damaged according to near and external force in [ a 
coefficient of thermal expansion / aluminum ] comparison. 

[0010] Then, as a layer with which are satisfied of the above conditions, the intermetallic 
compound of silver and aluminum is perceived and it came to accomplish a header and this 
invention for the problem of the conventional technique being solvable by preparing the surface 
layer which consists of an intermetallic compound of aluminum-Ag of predetermined thickness 
[0011] 

[Means for Solving the Problem] 

(The 1st invention) The aluminum material excellent in the abrasion resistance of the 1st 
invention is characterized by consisting of an intermetallic-compound layer of the base material 
which consists of aluminum or an aluminum alloy ingredient, and the aluminum and silver which 
were formed in this base material front face. 

[0012] (The 2nd invention) The aluminum material excellent in the abrasion resistance of the 2nd 
invention is characterized by consisting of the base material which consists of aluminum or an 
aluminum alloy ingredient, an interlayer who consists of an intermetallic compound of the 
aluminum and silver which were formed in this base material front face, and an alumimium nitride 
layer formed in this interlayer s front face. 

[0013] (The 3rd invention) The manufacture approach of the aluminum material excellent in the 
abrasion resistance of the 3rd invention The process for which the base material which consists 
of aluminum or an aluminum alloy ingredient is prepared, It is characterized by the process which 
forms in this base material front face the metal layer which makes silver a subject, thermal 
diffusion down stream processing which heat-treat the aluminum base material which covered 
this metal layer, and said metal layer is made to diffuse aluminum, and is used as the 
intermetallic-compound layer of aluminum and silver, and the thing which cut and to become. 
[0014] (The 4th invention) The manufacture approach of the aluminum material excellent in the 
abrasion resistance of the 4th invention is characterized by the process for which the base 
material which consists of aluminum or an aluminum alloy ingredient is prepared, the process 
which forms in this base material front face the interlayer who consists of an intermetallic 
compound of aluminum and silver, the process which performs nitriding treatment to this 
interlayer and forms an alumimium nitride layer in this layer front face, and the thing which cut 
and to become. 
[001 5] 

[Function] Although it is not yet clear necessarily about the mechanism which demonstrates the 
effectiveness excellent in the manufacture approach of the aluminum material excellent in the 
abrasion resistance of the aluminum material excellent in the abrasion resistance of**** 1 
invention or the 2nd invention, the 3rd invention, and the 4th invention, it thinks as follows. 
[0016] (Operation of the 1st invention) The aluminum material of this invention consists of a 
base material which consists of aluminum or an aluminum alloy ingredient, and an intermetallic- 
compound layer formed in this base material front face. This intermetallic-compound layer is the 
intermetallic compound of aluminum and silver. Near and a degree of hardness also have [the 
intermetallic compound which consists of silver and aluminum ] a base material and a 
comparatively high coefficient of thermal expansion compared with aluminum. Since it becomes 
what whose shearing force in an interface was small and was excellent in the adhesion of a layer, 
this is excelled in abrasion resistance and it has [ as opposed to / since the difference of a 
coefficient of thermal expansion is / that the interface with an aluminum base material serves as 
metallic bond by diffusion / small by considering as the intermetallic compound of this silver and 
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aluminum / a temperature change ] a degree of hardness higher than an aluminum base material 
and a certain amount of toughness, it is thought that it is the aluminum material excellent in the 
planar pressure strength property. 

[0017] In addition, although it can consider making the intermetallic compound which covers 
other metals, such as Cu and nickel, carries out thermal diffusion processing, and consists of 
Cu-aluminum or nickel-aluminum form in the front face of an aluminum ingredient it has the 
problem of the intermetallic compound which consists of these Cu-aluminum or nickel-aluminum 
having a coefficient of thermal expansion smaller than an aluminum base material, and being easy 
to exfoliate since toughness is missing. In the case of this invention, the characteristic 
effectiveness that such a problem cannot arise easily can be done so. 

[0018] (Operation of the 2nd invention) The aluminum material of this invention consists of the 
base material which consists of aluminum or an aluminum alloy ingredient an interlayer who 
consists of an intermetallic-compound layer of the aluminum and silver which were formed in 
this base material front face, and an alumimium nitride layer formed in this interlayer's front face. 
The alumimium nitride layer as a surface layer is dramatically stable to an elevated temperature, 
it excels with those with 1000 or more hardness Hv, and abrasion resistance, and thermal 
conductivity is greatly excellent in insulation. The aluminum material of this invention comes to 
have the intermetallic compound which consists of aluminum and silver between this alumimium 
nitride surface layer and base material. This intermetallic compound has a degree of hardness 
higher than a base material, has toughness, and comes to have predetermined thickness. 
Therefore, it is thought that the aluminum material of this invention can prevent deformation 
which spoils predetermined effectiveness while being able to catch this planar pressure by said 
interlayer and being able to make the effectiveness of said surface layer do so, even when 
considerable planar pressure joins the front face of this **, while being able to demonstrate the 
property of the alumimium nitride layer as a surface layer as it is. 

[0019] (Operation of the 3rd invention) The manufacture approach of the aluminum material 
excellent in the abrasion resistance of the 3rd invention prepares first the base material which 
consists of aluminum or an aluminum alloy ingredient (base material preparation process). 
Subsequently, the metal layer which makes silver a subject with electroplating etc. is formed in 
the front face of the antifriction stratification section of this base material (silver larer formation 
process). Subsequently, heat-treat the aluminum base material which covered this metal layer, 
said metal layer is made to diffuse aluminum, and the intermetallic-compound layer of aluminum 
and silver is formed (thermal diffusion down stream processing). Since a diffusion rate is [ that 
silver tends to react with aluminum ] also early at this time, it is thought that the intermetallic 
compound which consists of Ag2 aluminum easily can be formed. Moreover, the intermetallic 
compound of the aluminum and silver which were obtained from this is excellent in the planar 
pressure strength property while it is excellent in abrasion resistance and has a comparatively 
high degree of hardness. 

[0020] (Operation of the 4th invention) The manufacture approach of the aluminum material 
excellent in the abrasion resistance of the 4th invention prepares the base material which 
consists of aluminum or an aluminum alloy ingredient (base material preparation process). 
Subsequently, the interlayer who consists of an intermetallic compound of aluminum and silver is 
formed in this base material front face (interlayer formation process). In addition, this interlayer s 
formation can be performed like said 3rd invention. Subsequently, nitriding treatment is 
performed by approaches, such as ion nitriding and nitriding bath dip coating, and an alumimium 
nitride layer is formed in this interlayer s front face (alumimium nitride layer formation process). 
The aluminum which constitutes the interlayer is spread on a front face by this, this aluminum 
and nitrogen join together, and an alumimium nitride layer is formed. At this time, since the 
diffusion rate to the silver of aluminum is early, the aluminum component of said interlayer who 
lost by formation of an alumimium nitride layer is compensated one by one from a base material, 
and it can form a comparatively thick alumimium nitride layer. From this, it has the interlayer who 
consists of an intermetallic compound of a base material, and aluminum and silver, and the 
surface layer which consists of alumimium nitride, and it is thought that abrasion resistance and 
a degree of hardness, and the aluminum material of three layer systems that was further 
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excellent in planar pressure reinforcement can be obtained easily 
[0021] 

[Effect of the Invention] 

[0022] (The 1st effect of the invention) The aluminum material of**** 1 invention is excellent in 
the planar pressure strength property while it is excellent in abrasion resistance and has a 
degree of hardness and toughness higher than a base material. 

[0023] (The 2nd effect of the invention) The aluminum material of**** 2 invention is excellent 
in the planar pressure strength property while having the more excellent wear-resistant and 
higher degree of hardness. 

[0024] (The 3rd effect of the invention) While excelling in abrasion resistance and having a high 
degree of hardness by the manufacture approach of **** 3 invention on the aluminum as a base 
material (processed material), or the front face of an aluminum alloy, the intermetallic-compound 
layer excellent in the planar pressure strength property can be formed easily. Moreover, the 
intermetallic-compound layer formed in the base material front face is excellent in adhesion. 
[0025] (The 4th effect of the invention) While excelling in abrasion resistance more and having a 
higher degree of hardness by the manufacture approach of **** 4 invention on the aluminum as 
a base material (processed material), or the front face of an aluminum alloy, the enveloping layer 
excellent in the planar pressure strength property can be formed easily. Moreover, the 
enveloping layer formed in the base material front face is excellent in adhesion 
[0026] 

[Example] First, invention (example) which made still more concrete the manufacture approach 
of the aluminum material the aluminum material of said 1st invention or the 2nd invention and the 
3rd invention, or the 4th invention is explained. 

[0027] The base material or processed material of this invention is the ingredient or member 
which consists of aluminum or an aluminum alloy. You may be the thing of the product 
configuration before surface treatment. An aluminum alloy uses aluminum as a principal 
component and contains kinds, such as silicon, copper, magnesium, manganese, chromium, 
nickel, iron, and zinc, or two sorts or more in this. 

[0028] The layer (the intermetallic-compound layer or interlayer as a surface layer) which 
consists of an intermetallic compound of aluminum and silver is a layer which raises the abrasion 
resistance of a base material and a degree of hardness, and planar pressure reinforcement, and 
specifically consists of Ag2 aluminum etc. Furthermore, you may be Ag-Ag2 aluminum (silver rich 
intermetallic compound) and aluminum-Ag2 aluminum (aluminum rich intermetallic compound). 
Properties, such as a degree of hardness of this layer, can determine suitably aluminum content 
in this layer, the thickness of this layer, etc. as a pan according to the object. 
[0029] In addition, when using as a surface layer, as for this intermetallic-compound layer, it is 
desirable that thickness is 50 micrometers - 200 micrometers. When this thickness is less than 
50 micrometers, it deforms plastically by planar pressure depending on an application, and there 
is a possibility that the shape of surface type may change and this thickness exceeds 200 
micrometers, the process time amount of the stratification becomes long, and the amount of 
silver [ used ] increases, and there is a possibility of becoming a cost rise. Moreover, also when 
using as an interlayer, it is desirable that thickness is 50 micrometers - 200 micrometers by the 
same reason as the above. 

[0030] Moreover, when formed by pure aluminium and pure Ag, the degrees of hardness of said 
intermetallic compound are abbreviation 200— Hv 250, and are high compared with the 
abbreviation 80-Hv 140 of the aluminum alloy currently used, therefore, the conventional 
aluminum alloy is used and the coat to the aluminum base material front face of this intermetallic 
compound is effective to an application with inadequate planar pressure-proof reinforcement — 
certain ** However, when abbreviation 200-Hv 250 also adds other elements in Ag to an 
application which deformation of a surface layer produces, a 300 or more-Hv intermetallic- 
compound layer is formed, and it is Hv 700. It is also possible to make it extent. 
[0031] Moreover, this intermetallic-compound layer is the range which does not spoil the 
effectiveness of this invention, and can add the third element suitably. For example, when a 
higher degree of hardness is a request, it is desirable to add more than a kind of improvement 
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elements in a property, such as chromium (Cr), copper (Cu), iron (Fe), and nickel (nickel). 
[0032] As an approach of forming this intermetallic compound in a base material front face, 
electroplating, a nonelectrolytic plating method, a spraying process, a paste coating method, etc. 
are applicable. In addition, the intermetallic compound which forms the metal membrane which 
made silver the subject first, heats the base material which has this metal membrane, is made to 
diffuse the aluminum in this base material in said metal membrane, and consists of aluminum and 
silver by said approach can be formed. 

[0033] In addition, since the base material which consists of an aluminum ingredient tends to 
form an oxide film in a front face, it is desirable to form the metal membrane which made silver 
the subject first with electroplating, to heat the base material which covered the metal 
membrane subsequently, to carry out diffusion process of the aluminum in a base material into a 
metal membrane, and to form in a base material front face the intermetallic compound which 
consists of aluminum and silver. Since it can cover only into the part which needs a uniform 
layer by adopting electroplating, it is suitable. Moreover, in the case of this approach, small 
components can also be processed simultaneously and it also has the advantage of being 
suitable for a large quantity coat. 

[0034] In addition, when forming this intermetallic-compound layer as an interlayer, thermal 
diffusion processing of this intermetallic-compound formation process (interlayer formation 
process) may be performed to heat treatment at the time of the nitriding treatment process of 
an after process, and coincidence. For example, when performing nitriding treatment with a 
plasma nitriding approach, it can serve with the process accompanied by heat grant of processed 
material, such as a temperature-up process at the time of plasma nitriding processing. In this 
case, it has the advantage that simplification of a process is possible and a cost cut is possible. 
[0035] An alumimium nitride layer is a surface layer formed in the front face of an intermetallic- 
compound layer (interlayer), and is a layer is dramatically stable to an elevated temperature, and 
was excellent with those with 1000 or more hardness Hv, and abrasion resistance, and thermal 
conductivity excelled [ layer] in insulation greatly. In addition, this alumimium nitride layer is the 
object which raises the property of this layer, and can be made to contain in the range which 
does not spoil an effect of the invention for the property improver which consists more than of 
kinds, such as oxygen, and nitrogen, carbon. For example, when an oxygen content was the 
aluminum acid nitride layer included 1- dozens% of the weight, it should excel in a water resisting 
property or corrosion resistance further. 

[0036] As for this alumimium nitride layer, it is desirable that thickness is 2 micrometers - 10 
micrometers. When this thickness is less than 2 micrometers, there is a possibility that more 
excellent sufficient abrasion resistance cannot be given and this thickness exceeds 10 
micrometers, there is a possibility that the rate that the matter which spoils abrasion resistance, 
such as a crack, intervenes may become high. 

[0037] As an approach of forming this alumimium nitride layer, it is applicable by any approaches, 
such as various kinds of dip coating, such as various kinds of chemical vapor deposition, such as 
ion nitriding and plasma chemistry gaseous-phase vacuum deposition, various kinds of physical 
vapor deposition, such as the ion plating method, and an approach immersed into the salt bath 
containing cyanogen. 

[0038] In addition, it is desirable that it is the approach of nitriding preferentially the aluminum in 
the interlayer who consists of an intermetallic compound formed in the base material as the 
formation approach of this alumimium nitride layer, making combine this aluminum and the 
nitrogen supplied from the outside, and forming alumimium nitride. When based on this approach, 
in order for aluminum to be the element diffused from Ag2 aluminum, to react with surface 
nitrogen and to form AIN, it should excel in the adhesion reinforcement of said interlayer and 
alumimium nitride layer. Moreover, it is supposed that Ag and N will not be combined from the 
conventional thermodynamics data, and this invention is not formed, either. 
[0039] Here, about the formation approach of an alumimium nitride layer, if the example is 
explained briefly, it is as follows. That is, the ingredient which formed first the interlayer who 
becomes a base material from the intermetallic compound of aluminum and silver as an approach 
of forming this alumimium nitride layer by the plasma nitriding approach, or the ingredient which 
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formed in the base material the metal membrane which made silver the subject is prepared, and 
it arranges in nitriding treatment equipment (processed material arrangement process). Next, 
after sealing a container, the gas which remains in this container is removed using vacuum 
pumps, such as a rotary pump and a diffusion pump, (oxygen gas clearance process). In addition, 
as occasion demands, the introductory gas which consists of non-oxidizing gases, such as 
hydrogen gas after reduced pressure and rare gas, is permuted, and reduced pressure is 
repeated and is performed. Subsequently, the front face of processed material is heated to 
predetermined nitriding temperature at the heater which discharged while introducing the gas for 
temperature up in the decompressed well-closed container, or was formed in the inside of this 
container, or the perimeter of this container (temperature-up process). In addition, when said 
prepared ingredient is the latter (i.e., when the metal membrane formed in the base material front 
face is a metal membrane which makes a subject said not an intermetallic compound but silver), 
of the heat-treatment in this temperature-up process, the aluminum in a base material is spread 
in a metal membrane, and an intermetallic compound is formed. Next, while introducing the gas 
for nitriding treatment, such as gas which makes nitrogen gas and nitrogen a subject and mixed 
gas of nitrogen gas and hydrogen gas, in a well-closed container, in this well-closed container, 
glow discharge is generated and nitriding treatment of a processed material front face is 
performed (plasma nitriding process). In addition, by pretreating in advance of plasma nitriding 
processing to the description in which alumimium nitride is easy to form a processed material 
front face, since the alumimium nitride layer of a thick film can be formed efficiently again, it is 
desirable. 

[0040] Since it is carried out in gas as the formation approach of an alumimium nitride layer 
when the plasma nitriding approach is applied, back washing has unnecessarily the advantage 
that it can process simultaneously. 

[0041] In addition, when based on ion nitriding, it is desirable to perform nitriding treatment, as 
the temperature of processed material becomes as uniform as possible. For example, it is 
desirable to take into consideration maintenance, the electrode, etc. of components so that 
discharge may generate the conditions of glow discharge in each part or each part article at 
homogeneity. 

[0042] Moreover, the example is briefly explained about how to form said alumimium nitride layer 
by dip coating. Namely, it carries out by being immersed during the bath which usually contains 
the cyanogen used as a salt-bath-nitriding method of steel. 

[0043] Since it is a salt bath as the formation approach of an alumimium nitride layer when dip 
coating is applied, it has the advantage of being easy to control temperature. 
[0044] Here, an example of the structure of the aluminum material of this example is explained 
using drawing 1 . Namely, drawing 1 is what showed the cross section of aluminum material 
typically. The base material 1 which consists of aluminum or an aluminum alloy (a forging or a 
casting: in the case of A7075 a maximum of Hv 150), It consists of the middle class (backup 
layer 50 - 200 micrometerHv 300-600) 2 formed in this base material front face, and an 
alumimium nitride layer (antifriction layer 2-10 micrometerHv 1000-2000) 3 formed in this 
middle class's front face. 

[0045] Below, the example of this invention is explained. 

[0046] The 1st example [0047] The metal membrane which consists of silver with electrolysis 
plating was formed using pure aluminum as a base material, diffusion treatment was performed, 
aluminum material was produced and the performance evaluation test of this ** was performed. 
[0048] First, it is 50x25x5 mm as a base material. The pure aluminium (product made from A 
1 100) of a dimension was prepared. Subsequently, (Silver Ag) plating layer of about 45 
micrometers and about 80-micrometer thickness was formed in this base material front face 
with electrolysis plating. Subsequently, 450 degrees C, 500 degrees C, 540 degrees C, and 
diffusion process by 1, 2, or heating of 4 hours were mostly performed for the sample in which 
these silver plating layer was formed, at 570 degrees C of eutectic temperature (567 degrees C) 
in the vacuum (about 10-3 - 10-4 Torr). 

[0049] The performance evaluation of the obtained aluminum material was carried out by the X 
diffraction, optical microscope observation, hardness measurement, and measurement of the 
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element distribution by EPMA. 

[0050] First the X diffraction trial was performed by irradiating an X-ray. from the front face of a 
sample after heating. Consequently, it turned out that it is the intermetallic compound with which 
the coat film with which all samples were formed in the base material front face consists of Ag2 
aluminum. 

[0051] Next the optical microscope observation trial cut the sample obtained after heating, and 
followed the field polished after embedding into resin. Consequently, all were found by that 
nonconformities, such as a crack and exfoliation, are not seen at all, but the coat film is formed 
in homogeneity. In addition, about the example of 4 hours, whenever [ in said diffusion 
treatment / stoving temperature ] shows the metal texture (scale factor: 200 times) of the cross 
section of aluminum material to 540 degrees C, and heating time shows it to drawing 2 . 
[0052] Moreover, the relation between whenever [ said stoving temperature ], and the thickness 
of an enveloping layer is shown in drawing 3 . It turns out that the thickness of an enveloping 
layer is thick, so that from this drawing and heating time is so long that whenever [ stoving 
temperature ] is high. 

[0053] Next, the 100g load performed the hardness measurement trial using the micro Vickers 
hardness meter. Consequently, hardness distribution of an Ag2 aluminum intermetallic compound 
is Hv 210-230, and, moreover, the class and processing conditions of a base material found that 
it was unrelated. Moreover, the crack by the indentation of measurement of the hardness of a 
layer was not produced. 

[0054] Next the same thing as the sample of an optical microscope observation trial performed 
the measurement trial of the element distribution by EPMA Whenever [ in said diffusion 
treatment / stoving temperature ] shows the result which 540 degrees C and heating time 
measured about the example of 4 hours to drawing 4 . Inside an enveloping layer, about 80% of 
the weight aluminum is about 15 % of the weight, this presentation has Ag in dissolution within 
the. limits of Ag2 aluminum shown with the equilibrium diagram, and it is equivalent to aluminum 
Rich's Ag2 aluminum part so that more clearly than this drawing. 

[0055] Except having replaced with Ag of said example the metal membrane formed on the 
surface of the base material, and having been referred to as about 20-micrometer Cu or nickel 
for the comparison, diffusion treatment of the metal membrane was formed and carried out to 
the base material like said 1st example, the aluminum material for a comparison was produced, 
and the performance evaluation test was performed. Consequently, the crack had occurred, and 
there was each cross-section organization at the time of heating Cu and nickel plating material, 
also when this deposit exfoliated during cooling. Moreover, it turned out that it is 120 to 250 
times [ in the case of Cu and nickel plating material ] the growth rate multiplier K of the Ag2 
aluminum layer in Ag plating material of this. 

[0056] Since the growth rate of an Ag2 aluminum layer was very quick, this example also showed 
that a thick layer could be formed in the front face of an aluminum ingredient in a short time 
[0057] The 2nd example [0058] The metal membrane which consists of silver with electrolysis 
plating was formed like said 1st example, using duralumin as a base material, diffusion treatment 
was performed, aluminum material was produced and the performance evaluation test of this ** 
was performed. 

[0059] First it is 50x25x5 mm as a base material. The duralumin (product made from A 201 7) of 
a dimension was prepared. Subsequently, formation and the aluminum material which 
subsequently performs diffusion process and starts this example were obtained for the silver 
plating layer like said 1st example. 

[0060] The performance evaluation of the obtained aluminum material was carried out like said 
1st example by the X diffraction, optical microscope observation, hardness measurement and 
measurement of the element distribution by EPMA. 

[0061] Consequently, the X diffraction trial showed that the coat film with which all samples 
were formed in the base material front face was the intermetallic compound which consists of 
Ag2 aluminum. Moreover, the optical microscope organization of the cross section of the 
obtained aluminum material is the same as that of the case of the pure aluminium of the 1 st 
example, and the metallic-coating layer without a crack or exfoliation was formed. Moreover, 
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hardness distribution of an Ag2 aluminum intermetallic compound is Hv 210-230, and the class 
and processing conditions of a base material found that it was unrelated. Moreover, the crack by 
the indentation of measurement of the hardness of a layer was not produced. Moreover, 
whenever [ stoving temperature / in / in the analysis result by EPMA / diffusion treatment ] 
shows the result which 540 degrees C and heating time measured about the example of 4 hours 
to drawing 5 . As for existence of Mn and Si, about 1.5 % of the weight of maxes and Mg were not 
checked for it, although Cu which is an alloy element in a base material in an enveloping layer 
although distribution of Ag and aluminum is the same as that of the case of A 1 1 00 of said 1 st 
example inside an enveloping layer so that more clearly than this drawing existed about 0.5 % of 
the weight of maxes. 

[0062] The 3rd example [0063] The metal membrane which consists of Ag+nickel with compound 
electrolysis plating was formed using pure aluminum and duralumin as a base material, diffusion 
treatment was performed, aluminum material was produced and the performance evaluation test 
of this was performed. 

[0064] First it is 50x25x5 mm as a base material. The pure aluminium (product made from A 
1100) and duralumin (product made from A 2017) of a dimension were prepared. Subsequently, 
the composite-coatings layer (Ag+5%nickel) of the silvei—nickel of about 45 micrometers and 
about 80-micrometer thickness was formed in this base material front face with compound 
electrolysis plating. Subsequently, 450 degrees C, 500 degrees C, 540 degrees C, and diffusion 
process by 1 , 2, or heating of 4 hours were mostly performed for the sample in which these 
plating layer was formed, at 570 degrees C of eutectic temperature (567 degrees C) in the 
vacuum (about 10-3 - 10-4 Torr) like said 1st example. 

[0065] The performance evaluation of the obtained aluminum material was carried out like said 
1st example by the X diffraction, optical microscope observation, hardness measurement, and 
measurement of the element distribution by EPMA. 

[0066] Consequently, as for the X diffraction trial, all samples showed that it was the 
intermetallic compound with which the coat film formed in the base material front face uses Ag2 
aluminum as a principal component. Moreover, the optical microscope organization of the cross 
section of the obtained aluminum material is the same as that of the case of the pure aluminium 
of the 1st example, and the metallic-coating layer without a crack or exfoliation was formed. 
Moreover, hardness distribution of an Ag2 aluminum intermetallic compound is Hv 450-510, and 
the class and processing conditions of a base material found that it was unrelated. Moreover, the 
crack by the indentation of measurement of the hardness of a layer was not produced. 
[0067] Moreover, even when it replaced with nickel of said composite-coatings layer and Cr and 
Fe were used similarly, the degree-of-hardness lifting effectiveness of an enveloping layer as 
well as this 3rd example was accepted. 

[0068] The 4th example [0069] Plasma nitriding processing of the front face of this enveloping 
layer was carried out for the Ag-aluminum intermetallic-compound layer produced according to 
said 1st example and 2nd example using coat aluminum material, the alumimium nitride layer was 
formed, and the aluminum material concerning the 2nd invention of this invention was produced. 
Subsequently, the performance-evaluation test result of this aluminum material was performed. 
[0070] First, the Ag-aluminum intermetallic-compound layer produced according to said 1st 
example and 2nd example was prepared, and it has arranged in a plasma nitriding processor. 
Next, after sealing this container, the gas which remains in this container was removed using the 
rotary pump, subsequently to installation hydrogen gas was permuted, and reduced pressure was 
repeated and was performed. Next, it discharged, while introducing hydrogen gas as gas for 
temperature up in the decompressed well-closed container, and the front face of processed 
material was heated at 500 degrees C. Next, it is 3 Torr in a well-closed container. The black 
layer was formed in the front face, when glow discharge was generated on condition that 600V 
and 1 A and nitriding treatment of a processed material front face was performed in this well- 
closed container for 4 hours, while introducing nitrogen gas. 

[0071] As a result of performing the matter identification trial by the X-ray diffraction method 
about this black layer, it was checked that all are alumimium nitride (AIN) of a wurtzite mold. 
[0072] Moreover, whenever [ in said diffusion treatment / stoving temperature ] performed 500 
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degrees C, and heating time performed the measurement trial of the thickness of a nitrated case 
about the example of 4 hours. Consequently, thickness was about 8 micrometers. Moreover, the 
result of the organization observation by the optical microscope of this example, i.e., the metal 
texture of the cross section of aluminum material, (scale factor 400 times) is shown in drawing 

6 . The aluminum material of this example consisted of the base material, an interlayer formed in 
this base material front face, and an alumimium nitride layer formed in this interlayer's front face, 
and, as for each layer, it turned out that nonconformities, such as a crack and exfoliation, are not 
seen at all, but the coat film is formed in homogeneity so that more clearly than this drawing. 
Moreover, the analysis result by EPMA of the surface layer of this example is shown in drawing 

7 . aluminum and N existed in the surface layer so that more clearly than this drawing. Moreover, 
the hardness of this layer was Hv1500. 

[0073] The 5th example [0074] Nitriding treatment of the front face of this enveloping layer was 
carried out for the Ag-aluminum intermetallic-compound layer produced according to said 1 st 
example and 2nd example by fused salt dip coating using coat aluminum material, the alumimium 
nitride layer was formed, and the aluminum material concerning the 2nd invention of this 
invention was produced. Subsequently, the performance-evaluation test result of this aluminum 
material was performed. 

[0075] First, the Ag-aluminum intermetallic-compound layer produced according to said 1 st 
example and 2nd example was prepared, it was immersed into the salt bath containing cyanogen 
for 4 hours, and this was nitrided. 

[0076] As a result of performing the matter identification trial by the X-ray diffraction method 
about the surface layer of this sample, it was checked that all are alumimium nitride (AIN). 
[0077] Moreover, whenever [ in said diffusion treatment / stoving temperature ] performed 500 
degrees C, and heating time performed the measurement trial of the thickness of a nitrated case 
about the example of 4 hours. Consequently, thickness was about 10 micrometers. 
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* NOTICES * 

JPO and NC1PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing typically the cross-section structure in one example 
of the aluminum material of **** 2 invention. 

[Drawing 2] It is optical microscope photograph drawing (scale factor: 200 times) showing the 
metal texture of the cross section of the aluminum material obtained according to the 1st 
example of this invention. 

[Drawing 3] It is the diagram showing the relation between whenever [ stoving temperature / of 
the aluminum material obtained according to the 1st example of this invention ], (diffusion- 
process temperature), and the thickness of an enveloping layer. 

[Drawing 4] It is the diagram showing the measurement test result of the element distribution by 
EPMA of the alu minum material obtained according to the 1st example of this invention. 
[Drawing 5] It is the diagram showing the measurement test result of the element distribution by 
EPMA of the aluminum material obtained according to the 2nd example of this invention. 
[Drawing 6] It is optical microscope photograph drawing (scale factor 400 times) showing the 
metal texture of the cross section of the aluminum material obtained according to the 4th 
example of this invention. 

[Drawing 7] It is the diagram showing the measurement test result of the element distribution by 
EPMA of the aluminum material obtained according to the 4th example of this invention. 
[Description of Notations] 

1 ... Base material 

2 ... Interlayer 

3 ... Alumimium nitride layer 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **3** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 2] 




[Drawing 3] 



[Drawing 1] 
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[Drawing 5] 
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[Drawing 7] 
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